Background: In this study, we aimed to propose a validated prediction model for
| BACKGROUND
Upper urinary tract urothelial carcinomas (UTUC) are relatively rare, accounting for 5%-10% of urothelial tumors, and their incidence has slowly increased over the past 30 years. 1 The current gold standard treatment of UTUC is radical nephroureterectomy (RNU) with bladder cuff excision. However, the 5-year cancer-specific mortality rates remain substantial at 20%-30%, 2 including 30%-50% 5-year overall survival (OS) rates in non-organ-confined pT3-4 disease and nodal metastatic disease. 3 Thus, identifying biological and clinical factors that could optimize decision-making through evidenceand risk-based approaches is necessary. However, studies on UTUC are lacking, especially concerning prognosis in Korea. Predicting disease-free survival (DFS) may optimize followup and improve post-RNU management, such as adjuvant chemotherapy, which has been suggested without available level 1 evidence. 4 Clinically, 3-5-year relative survival statistics are often used to measure cancer control and assess international comparisons. 2, 3, 5 Nomograms have been built to integrate independent prognostic variables to better individualize and predict patient prognosis. 2, 6 Initial cancer prognosis assessment at surgery helps to select post-RNU therapy and follow-up. Large-scale studies are necessary to increase a nomogram's accuracy and validate it with an additional patient cohort. Due to the rarity of UTUC and different surgical techniques with heterogenous patient cohorts, it is difficult to acquire sufficient data to explore characteristics of patients with UTUC. A nomogram was developed from Western UTUC cohorts, 2, [7] [8] [9] [10] and the few Asian patient-based nomograms have incorporated small cohorts of patients. 6, 8, 11 Therefore, the aim of the current study was to determine a prediction model of DFS and OS of UTUC after RNU using a large, multicenter, Korean cohort, and to validate the nomogram model.
| METHODS

| Ethics approval and consent to participate
The protocol for this retrospective multicenter study was approved by the institutional review board of the National Cancer Center (NCC-2016-0040 and 2018-0114-0001), and complied with the principles of the Declaration of Helsinki. The requirement for written informed consent was waived based on the retrospective design. All patient data and records were anonymized before the analysis. Postoperative follow-up was not standardized due to the retrospective multicenter design. Patients were generally evaluated every 3-4 months during the first year post-RNU, every 6 months during years 2-5, and annually thereafter, including cystoscopy, serology, and urine tests (including urine cytology). Abdominal/chest computed tomography or magnetic resonance imaging was suggested annually or more often, depending on pathological stage.
| Patient population
| Outcome
Disease-free survival was defined as the duration between the date of RNU and the date of extravesical recurrence, disease progression, or death. To focus on early prognosis, and considering progressive UTUC, including 1-year intravesical recurrence free survival and 5-year cancer-specific survival (CSS), 3-year DFS was evaluated.
14 Events over 3 years were censored and their durations were fixed at 3 years based on CT scans, and all-cause deaths were defined as death events.
| Statistical analysis
The population was classified into two data sets. One is the development set and the other is the external validation set. The development set is a random sample derived from a population of interest, and is used to develop a prediction model. The external validation set is used to perform external validation of the prediction model. It is independent of and differs in some aspects from the development set. In our study, the development set consisted of the multicenter data (n = 1561), and the National Cancer Center data set is considered the external validation set (n = 128). The subjects' baseline characteristics according to the two sets are presented as frequencies with percentages. Cox proportional hazards model was used to develop a multivariable prediction model for 3-year DFS. The candidate prognostic variables are presented in Table 1 , and the variation inflation factor was calculated to explore multicollinearity between variables. The backward variable selection method with a type I error criterion of 0.05 was used to select factors significantly affecting 3-year DFS. The prediction model performance was evaluated with respect to discrimination and calibration. 15 Discrimination, indicating the ability to separate outcome categories, was measured using Harrell's concordance index (C-index) with 95% confidence intervals: values range from 0.5 (classification by 1/2 probability) to 1.0 (perfect prediction). Calibration, indicating predicted risk reliability, was evaluated using the overall May and Hosmer goodness-of-fit testing, and GreenwoodNam-D' Agostino χ 2 statistic. 16, 17 A smaller statistic indicates a predicted risk similar to the observed risk. Since the performance derived from the development set represents too optimistic an estimate, a bootstrap approach was employed to correct bias for internal validation. The bootstrap samples were derived with replacement from the development set, and the prediction model was developed in each bootstrap sample. Each model was evaluated both in the bootstrap sample and the development set. The difference in performance is the optimism, which is a kind of bias that implies overfitting. From 1000 bootstrap repetitions, we provided an optimism-corrected estimate for performance measures. In particular, mean absolute error was calculated by the difference between the predicted values and the corresponding bias-corrected calibrated values. External validation is important to investigate general applicability. The same methods described above were adopted to externally validate the prediction model. Ultimately, we generated a user-friendly nomogram for clinical practice. We also applied the prediction model to 3-year OS because OS is nested in DFS. We tried to investigate whether the linear predictor, calculated from the estimated coefficients and the observed values of the factors, predicts 3-year OS.
The results of statistical tests were two-tailed and statistical significance was considered at P < 0.05. All analyses were performed using Statistical Analysis System (version 9.3, SAS Institute, Inc, Cary, NC) and R software (version 3
| RESULTS
| Population characteristics
The baseline characteristics of the development and external validation sets are presented in Table 1 ; the KaplanMeier DFS curve is shown in Figure 1 . In the development set, there were 51 (12.23%) events of disease progression after 36 months, with a 74.82% 3-year DFS rate (95% CI, 72.56%-77.07%). In the external validation set, there were eight events (18.60%) of disease progression after 36 months, with a 71.04% 3-year DFS rate (95% CI, 62.91%-79.17%). Table 1 shows the clinicopathological variables used for model development. The variation inflation factors to investigate multicollinearity between variables confirmed no multicollinearity (all VIF < 2). After backward selection, a best-fitting prediction model was developed, consisting of seven factors: age group, ASA score, previous bladder cancer, tumor grade, pathological T/N stage, and LVI (Table 2) . Although part of the categories for each variable were not significant, the overall effect of each variable, that is, type 3 test, was significant (P < 0.05), except for ASA score (P = 0.068).
| Model development
| Performance results, internal, and external validation
The performance results of the prediction model are shown in Table 3 . The estimated probability from the prediction model was similar to the observed probability. Figure 2 shows that the optimism-corrected loss was close to the ideal 45° line, although slightly different from the apparent calibration curve 
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Performance of the prediction model (mean absolute error = 0.012). For external validation, the prediction model and external validation dataset were used to calculate risk. We then evaluated the performance to identify how well the calculated risk predicts the observed 3-year DFS. Although the C-index decreased somewhat compared to the apparent or internal validation results, it showed moderate predictive performance (Table 3) .
| Nomogram for clinical application
The user-friendly prognostic nomogram for predicting for 3-year DFS is shown in Figure 3 . The relative risk factors are assigned specific points on a 0-100 scale according to their regression coefficients. The sum of the points drawn on the "Total Points" line corresponds to the probability of 3-year DFS, represented at the bottom. For example, for a 78-yearold subject with ASA score 2, unknown tumor grade, pathological T stage CWAS, no lymph node dissection, and no LVI, the total number of points is 67.63, and the corresponding 3-year DFS probability is greater than 0.9.
| Three-year OS
Three-year OS was assessed to determine whether the risk from the prediction model of 3-year DFS accounted for 3-year OS. The discrimination abilities were 0.775 (95% CI,
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the risk of 3-y disease-free survival 0.740-0.809) in the development set and 0.693 (95% CI, 0.578-0.808) in the external validation set, and all had acceptable performance. For calibration ability, the results showed similar predicted and observed values in the development set (statistic = 14.171, P = 0.12), but the results were meaningless in the external validation set (statistic = 10.571, P = 0.032).
| DISCUSSION
Prediction models estimate prognosis using various baseline and intraoperative clinicopathological findings from the time of UTUC diagnosis after surgical resection of UTUC and prior to implementation of chemotherapy. The rarity and the dismal prognosis of UTUC have made it difficult to determine an efficient prediction model with significant predictive prognostic factors. Since the early 2010s, various prediction models with nomograms have been developed to predict the IVRFS, DFS, CSS, and OS after RNU in UTUC patients; however, most have been based on Western patients. 2, [6] [7] [8] [9] [10] 18, 19 Only a few Asian prediction models have been developed to predict prognostic and functional outcomes after RNU in UTUC. 6, 8, 11 Because the prediction model was based on the enrolled subjects' clinicopathological parameters, the geography, and ethnicity of different cohorts might influence the prognostic outcome of the model (21) . 20 It is therefore necessary to analyze significant predictive risk factors of prognosis from people of the same geographical background and to incorporate the prediction model based on cohorts from same ethnic backgrounds. A population-based US study found that African-American patients with UTUC had a shorter survival than other ethnic groups, 1 and Chinese people had a higher incidence of UTUC due to their lifetime intake of herbal tea. 20 Our prediction model was based on Korean patients with UTUC after RNU. Four prediction models based on clinicopathological factors already exist from cohorts with similar ethnic backgrounds: one Japanese model and one Chinese model of postoperative renal insufficiency, 11 one Chinese model of postoperative complications, 12 and one Korean model of survival prognosis. 6, 8 However, the former 2 did not consider survival prognosis, and the remaining two models that did were developed and validated with small cohorts. Accordingly, the prediction model in this study is the first to incorporate a large cohort of East Asian patients with UTUC after RNU with acceptable validation and power comparable to that of Western prediction models. 7, 13, 21 Among many Western prediction models with various parameters, only some have had large development and validating sets of patients focused on either 3-or 5-year CSS with an accuracy of 0.7-0.8, 2,3,9,18 similar to this study. Given the rarity of UTUC and difficulty of long-term follow-up because of poor prognosis, this study's strengths are that it provides a useful prediction model in Asian UTUC patients who underwent RNU and considers diverse parameters, whereas the only two existing Asian prediction models did not have similarly large cohorts for the development and validation sets, but instead used small cohorts to evaluate IVRFS and CSS. 6, 11 This study considered 3-year DFS as a prognostic outcome 14 However, this study found that an increased ASA score was a favorable risk factor, which is contradictory to previous results of ASA as a negative risk factor for survival. 25 This contradictory result might be explained by selection bias due to the characteristics of cohorts including group 3 ASA patients with lower tumor burdens, who might receive RNU successfully. Patients with higher comorbidities and higher ASA scores were more likely to undergo chemotherapy instead of RNU because of surgical morbidity delaying adjuvant chemotherapy. Those selected patients with high ASA scores who underwent RNU likely had a small tumor volume and early-stage cancer, so their DFS might have been significantly better than that of patients with ASA ≤ 2.
The insignificant sex, CIS, BMI, and surgical modality of this study have been indicated as predictive factors for prognosis in other studies. 3, 8, 26 In one study, female sex was associated lower IVRFS after RNU in UTUC (HR 0.812, 95% CI 0.673-0.981, Table S1 for IVRFS). 19 However, similar to our results, another study reported no significant association between sex and CSS (HR 1.050, 95% CI 0.841-1.310, Table S1 for OS). 2 Some studies have shown that CIS is a significant adverse prognostic factor, 3 whereas others have not. 27, 28 As for the BMI, different version existed on the prognostic significance of survival in UTUC that obese UTUC patients had significantly worse CSS than the other three BMI groups (P = 0.031). The association between surgical technique, such as laparoscopic RNU, and survival outcome has been debated, and several meta-analyses have shown no significant differences in oncological outcome including IVRFS, CSS, OS, and metastasis rates based on surgical technique.
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The prediction model in this study had a moderate performance in internal validation. The calibration statistics indicated that the model was reliable (P > 0.05) using an external validation set. Our model can be used in clinical practice by application of the nomogram. Namely, the 3-year DFS rate can be estimated by exponentially multiplying the linear predictor value, which corresponds to the sum of the points assigned to each variable, to the 3-year cumulative survival rate of 0.8043; S(3, X) = [0.8043] exp(the value of linear predictor) .
This study had several limitations, including a retrospective study design, collection biases, multicentric heterogeneity of standardized surgical procedures, and postoperative therapeutic decisions (ie, the extent of lymph node dissection and adjuvant chemotherapy protocol), and the absence of multiple other known prognostic variables, such as intraoperative parameters and baseline social lifestyle and comorbidities. Although this is the first large study of Asian patients with UTUC, a future study with an even larger multi-institutional database and all potential parameters of prognosis will be planned to improve the discriminatory ability of the predictive model for UTUC.
| CONCLUSIONS
A validated prediction model with an acceptable performance for clinical use was developed using clinicopathological variables from large Asian RNU cohorts. For patients with UTUC, this model could help estimate prognosis and select appropriate treatment.
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